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Abstract. The present study, the first to spatially characterize Leptospira spp. infection among equids in the Brejo Paraibano
micro-region of the Paraiba state in the northeast of Brazil, investigated 257 animals in 26 farms properties. Serum samples
from 204 horses, 46 mules and seven donkeys were serologically diagnosed using the microscopic agglutination test (MAT).
The distribution of Leptospira spp. was studied by employing specific antigens from 24 different Leptospira serovars. All
farms were georeferenced and their distribution visualised on a map of the Brejo Paraibano micro-region. In addition, rain-
fall data were obtained from the same year, in which the sampling was performed. Among the 20 farms found to harbour
animals with leptospirosis, 14 (70%) exhibited low prevalence, five (25%) medium prevalence and one (5%), high preva-
lence. Certain areas had a higher density of infected farms and required intervention to control the infection. Many serovars
were widely distributed, while others were more common in particular areas. There was no significant association between
the prevalence of Leptospira spp. infection and rainfall.
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Introduction
Leptospirosis is a zoonosis caused by different
species of Leptospira spirochetes that are capable of
infecting humans and several animal species, including
cattle, pigs, horses, dogs and rodents. The disease has a
worldwide distribution, but some serovars are found
more frequently in certain geographical areas or in cer-
tain animal species (Oliveira and Pires Neto, 2004).
The main clinical manifestations in livestock involve
reproductive problems such as infertility, abortion in
late pregnancy or birth of debilitated animals (Chiareli,
2007). In equids, leptospirosis manifests itself by recur-
rent uveitis as well as abortion and other reproductive
disorders. It is an acute or chronic disease, affecting
just one member of a herd or groups of animals.
However, most infections are subclinical, and hence the
true distribution is unknown (Jones et al., 2000). 
Understanding the spatial dynamics of leptospirosis
would aid the planning of control activities, resource
allocation and preparation of a strategy in case of an
outbreak as discussed by Barcellos and Bastos (1996).
The application of spatial tools in studies of the epi-
demiology of leptospirosis can reveal patterns of infec-
tion, ways of transmission and the main risk factors.
Geospatial techniques can also assist the implementa-
tion of plans of action and support measures taken
against this disease (Bier, 2012). Geographical infor-
mation systems (GIS) has been widely used to study
leptospirosis in Brazil and in other countries where the
disease is common (Ghneim et al., 2007; Magalhães et
al., 2009; Soares et al., 2010; Melo et al., 2011;
Belchior and Azevedo, 2012). Brazil has the largest
herd of horses in Latin America and leptospirosis
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plays a significant role for public health. The aim of
the present study was to investigate the spatial charac-
teristics of Leptospira spp. infection in equids from the
Brejo Paraibano micro-region in the northeast of
Brazil. 
Materials and methods
The Brejo Paraibano micro-region is part of the
Agreste meso-region in the Paraiba state, Brazil (Fig.
1). It consists of eight counties: Alagoa Grande,
Alagoa Nova, Areia, Bananeiras, Borborema,
Matinhas, Pilões and Serraria (IBGE, 2012).
A cross-sectional study was conducted to determine
prevalence rates and the sampling plan was divided
into two stages. In the first, all farm properties with 10
or more equids (the primary sampling unit) were
selected. Twenty-six such properties were found, all of
them part of the production chain of equid livestock in
Brazil. In the second stage, a sample for each farm
property was calculated using Win Episcope 2.0 soft-
ware (University of Edinburgh, United Kingdom).
Since no data were available for the occurrence of lep-
tospirosis in this micro-region, an expected prevalence
of 50% was arbitrarily assumed for calculating the
sample size. The confidence level was set at 95% and
a statistical error of 10% was considered for each
property. This predetermined number of equids (con-
stituting the secondary sampling unit) was selected at
random. In total, 257 blood samples from clinically
healthy equids (horses, mules and donkeys) of differ-
ent sexes were collected in the period between July and
December 2011, corresponding to the seasons of win-
ter and spring, respectively. Only one of the eight
counties in the micro-region was not sampled, since
there were no farm properties meeting the inclusion
criteria (of 10 or more equids) in that area. Thus, only
seven counties were surveyed (Table 1).
All serum samples were examined using the micro-
scopic agglutination test (MAT) in accordance with
the standards of the Ministry of Health (Brasil, 1995)
and as recommended by the World Organization for
Animal Health (OIE). The antigens used were recent
live cultures of reference strains of 24 pathogenic
Leptospira spp. serovars: Australis, Autumnalis,
Batavie, Bratislava, Canicola, Castellonis, Celledoni,
Copenhageni, Cynopteri, Djasiman, Grippotyphosa,
Hardjo, Hebdomadis, Icterohaemorrhagiae, Javanica,
Panama, Pomona, Pyrogenes, Saxkoebing, Sejroe,
Sentot, Shermani, Tarassovi and Wolffi.
The equid serum samples were diluted 1/50 with
phosphate buffered saline (PBS) and 0.1 ml distrib-
uted into each of the 24 wells of a microplate, after
which 0.1 ml of each Leptospira serovar was added
to the different wells, yielding a final volume of 0.2
ml at the dilution of 1:100. A negative control using
PBS only and a positive control using a known serum
from an infected animal were included in each run.
The plates were read without cover slips using a
microscope with dark-field condenser. Serum sam-
ples exhibiting a reduction of free leptospires in the
range of 50% to 100% relative to the control were
further tested through a series of two-fold dilutions.
The highest serum dilution capable of agglutinating
50% or more of the Leptospira spirochetes, com-
pared to the control, was considered to be the end
point. A titre of ≥100 considered to be positive (Lees
and Gale, 1994; Baverud et al., 2009). None of the
animals investigated had been vaccinated against lep-
tospirosis. Prevalence was considered null when
there were no positive animals, low when <25% of
the animals tested positive, medium when 25-50% of
the animals tested positive and high if the positive
number of animals exceeded 50%. The likely infect-
ing serovar on the farm was considered to be the one
with the highest titre.
Each property was georeferenced to define and visu-
Fig. 1. The Brejo Paraibano micro-region (red) of the Paraiba
state (white) in the northeast of Brazil.
County
Number of animals
Horse Mule Donkey Total
Areia
Serraria
Alagoa Grande
Bananeiras
Pilões
Borborema
Alagoa Nova
Total
28
9
54
93
0
4
16
204
13
4
11
12
3
2
1
46
1
0
2
3
0
1
0
7
42
13
67
108
3
7
17
257
Table 1. Counties and equid species sampled.
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alize their locations in physical space, i.e. identifying
the farm properties on the map of the Brejo Paraibano
micro-region. To that end, we used a global position-
ing system (GPS), configured to provide the positions
in the coordinate latitude/longitude system of the
Universal Transverse Mercator (UTM) projection and
the SAD-69 System (South American Datum, 1969),
which is the coordinate system of the cartographic
base in the Brejo Paraibano micro-region.
The distribution of serovars by farm property was
investigated as well as the relationship between rain-
fall and prevalence rates and density of the infection
foci. The annual rainfall data were obtained from the
Executive Agency for Water Management in the State
of Paraiba (AESA, 2011). We also had access to pre-
cipitation measured at the farms during the period that
sampling was performed. In order to map and identi-
fy spatial clusters, the georeferenced data were
processed in TerraView 3.1.3 software (Brasil, 2006)
using the kernel intensity estimator. This simulator
involves a non-parametric technique that enables fil-
tration of the variability of a data set, retaining the
essential characteristics of local data (Bailey and
Gatrell, 1995). The 26 sampled properties were part of
the kernel shown.
Results
Animals testing serologically positive for Leptospira
spp. infection were found in all of the seven counties
sampled. With regard to the number of cases in each
place, 76.9% (20/26) of the farms tested possessed at
least one infected animal. Of these 20 farm properties,
low prevalence dominated, i.e. 14 (70.0%) displayed
few infections, while five (25.0%) had medium-level
rates and high prevalence was only found in one
(5.0%) (Fig. 2). The lowest prevalence was found in
the Alagoa Nova county. 
Only a minority of animals were found to be infect-
ed and those which tested positive had generally low
titres (Table 2). Many serovars were widely distributed
in the study area, but some were more frequent in cer-
tain areas. Their distribution by farm property is
shown in Fig. 3. This figure should be consulted
together with Table 2, as it shows the spectrum of
titres of the different serovars. The serovar Panama
was widely distributed and it was detected in 71.4%
of the counties surveyed in the micro-region. On the
other hand, only one animal reacted serologically
against the Australis antigen, and the serovar Hardjo
was detected in only two contiguous counties. This
former serovar, belonging to the same serogroup as
Bratislava, was detected in the county of Bananeiras.
Also the Icterohaemorrhagiae serovar was identified
on a single farm property in the present study in the
county of Areia. Among the nine animals positive for
the serovar Grippotyphosa, eight were from the coun-
ty of Bananeiras and one from the contiguous county
of Borborema. These values  corresponded to 50% of
the total number of positive animals in each of these
two counties. The serovar Pyrogenes was found on all
of the positive farms properties in the county of
Alagoa Grande. It was also considered to be the likely
infecting serovar on two other properties located in
the counties of Borborema and Serraria, which share a
border. 
Annual precipitation in the counties and the preva-
lence of positive serology for each property are shown
in Fig. 4. The greatest rainfall in the year of sampling
occurred between April and July (AESA, 2011). The
amount of precipitation used was the highest figure
found in the county. The middle counties of the study
area had the highest annual rainfall, while Alagoa
Nova in the south had the lowest. 
Fig. 2. Distribution and prevalence of positive serology for
Leptospira spp. infection in the Brejo Paraibano micro-region,
Paraiba state, Brazil.
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Most farms exhibited low prevalence rates but, as
can be seen from Fig. 2, there were also farms with
higher prevalence, particularly in the north and the
south. This can be seen more clearly in Fig. 5 that
shows the results of the kernel intensity study. The
Kernel intensity study revealed high, medium and
low intensity of prevalence in the counties of
Bananeiras, Alagoa Grande/Serraria and Areia,
respectively. Because of this situation, these areas are
priorities for a possible intervention for infection
control. 
Discussion
This is the first epidemiological study in the Brejo
Paraibano micro-region aiming to spatially character-
ize Leptospira spp. infection in equids. Because of the
zoonotic nature of Leptospira infection, the knowl-
edge of distribution of serovars is important, and the
differences between regions and species should be con-
sidered. The total sample had about four times more
horses than mules and only very few donkeys, which
makes comparisons between the three types of equid
difficult. However, even when taking this into
account, it is clear that horses were more commonly
infected (Table 2). It is also clear that only a minority
of the animals were found to be infected and that
Serovar
Titre
Total
100 200 400 800
H M D H M D H M D H M D H M D
Australis
Autumnalis
Batavie
Canicola
Copenhageni
Grippotyphosa
Hardjo
Icterohaemorrhagiae
Panama
Pyrogenes
Shermani
Tarassovi
Total
-
2
1
-
1
5
1
-
11
4
2
1
28
-
-
-
-
-
1
-
-
2
1
-
-
4
-
-
1
-
-
-
-
-
-
-
-
-
1
-
-
1
1
-
1
-
-
1
-
-
-
4
-
-
-
-
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1
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1
-
-
1
-
1
2
2
-
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8
-
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-
-
-
-
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1
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
1
-
-
1
-
-
-
-
-
-
1
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
-
-
-
-
1
2
3
1
1
7
1
1
14
7
2
1
41
-
-
-
-
-
1
1
-
2
2
-
-
6
-
-
1
-
-
1
-
-
-
-
-
-
2
Table 2. Distribution of the serovars of Leptospira spp. in equids of the Brejo Paraibano micro-region, Paraiba state, Brazil.
Conventions: H = Horse; M = Mule; D = Donkey.
Fig. 3. Distribution of serovars of Leptospira spp. in properties
with seropositive equids in the Brejo Paraibano micro-region,
Paraiba state, Brazil.
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those which tested positive had generally low titres.
The use of MAT to detect antibodies to Leptospira
spp. permitted visualization of the distribution of ani-
mals that tested positive for Leptospira spp. in the
Brejo Paraibano micro-region, as well as the predomi-
nant serovars. Cut-off at the titre level of 100 was
decided to make sure that all titres reported indeed
reflect a true infection by Leptospira spp. Higher
titres, especially at the level of ≥400, demonstrate
recent contacts with leptospires, while lower ones,
especially 100, suggest low-level, chronic or past infec-
tion. However, low titres can also indicate the early
stage of an infection.
Animals testing positive were identified in all of the
counties surveyed. The lowest prevalence was found in
the county of Alagoa Nova, but the prevalence rates
found were in general randomly spread over the study
area. The high number of infection foci (76.9%) sug-
gests that Leptospira spp. infection is widely distrib-
uted in the Brejo Paraibano micro-region. All farms in
the counties of Borborema, Serraria, Pilões, Areia and
Alagoa Nova showed positive animals. In the counties
of Bananeiras and Alagoa Grande, the percentage of
positive farms was 70.0% and 57.1%, respectively.
However, further studies are needed to classify if it as
an enzootic organism.
It was not totally unexpected to find the serovar
Australis as it has been observed by Jardim et al.
(1978) in Goiás and on the island of Algodoal/Pará by
Moraes et al. (2010). Nevertheless, this serovar is
uncommon and we only found one case, while
Linhares et al. (2005), who studied the prevalence of
serovars of Leptospira interrogans in 182 serum sam-
ples from horses of the Goiânia micro-region using the
MAT method, did not find any positive results for this
serovar. The fact that the Icterohaemorrhagiae serovar
was also only identified on a single property in the
present study is more controversial, as this serovar has
been found in many studies and is regarded as one of
the most prevalent ones in the country (Langoni et al.,
2004; Gomes et al., 2007; Hashimoto et al., 2007;
Jorge et al., 2011; Coiro et al., 2012). The findings
with respect to Grippotyphosa may indicate a specific
enzootic area for this serovar in the Bananeiras and
Borborema counties. The observation of the serovar
Pyrogenes on all positive properties in the county of
Alagoa Grande may indicate a similar predilection for
this area.
Fig. 4. Annual precipitation in the counties studied and the pre-
valence of Leptospira spp. infection.
Fig. 5. Kernel density of the prevalence for positive serology for
Leptospira spp. infection in the Brejo Paraibano micro-region,
Paraiba state, Brazil.
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The lowest level of prevalence of Leptospira spp.
infection was found in the county of Alagoa Nova,
which also had the lowest rainfall, is accordance with
Odontsetseg et al. (2005) who observed a higher
prevalence in humid environments than in dry areas
and Finger (2012), who observed a positive correla-
tion between rainfall and Leptospira serology.
However, we found no clear association between the
amount of precipitation and Leptospira infection,
since the low-prevalence farms were spread randomly
over the study area, while those with higher rates were
absent from the middle region, and instead found in
the north or south, which had less rain (Fig. 4).
Neither did the kernel intensity results support for
such an association (Fig. 5), indicating that other fac-
tors or indirect links must be involved. Still, regional
differences in prevalence may be partly related to cli-
matic conditions as leptospires excreted by infected
animals can remain infectious for long periods of time
in humid climates (Jung et al., 2010), whereas they
have less chance of propagating the infection in drier
areas.
The kernel results enabled the characterization of
patterns of Leptospira spp. infection with some areas
having a higher density of infection foci than others,
e.g. the counties of Bananeiras, Alagoa Grande,
Serraria and Areia, an indication that should lead to
the implementation of appropriate prevention and
control measures on properties in these areas. The
data reported here should be useful in assisting future
studies aiming to describe transmission dynamics and
to identify risk factors associated with the incidence of
the disease. Although this study concerns leptospiro-
sis, the approach and tools applied can be used for any
infectious agent.
Conclusion
Spatial epidemiology and presentation are useful for
the visualization of areas at risk for infection and
serves to rapidly alert decision makers of impending
problems that need immediate action. The vast spread
of infectious agents constitutes a constant challenge
for those involved with human and animal health, par-
ticularly in relation to epidemiological control. In
seeking greater control of communicable diseases, it is
essential to develop new tools for epidemiological sur-
veillance that are capable of incorporating environ-
mental aspects and risk factors, as well as rapid and
automated methods that assist the detection and mon-
itoring of outbreaks in space and time, both for ani-
mals and for humans (Bier, 2012).
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